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Sigcnilicance of ti.e Colon-acro;eres Group

ia Ice Crceedie

Introcuction.

A revicw c¢f the incustrial developrent of this
country csnovs plainly thoed the surviving @l rrosperous
irdustries are those \iiich Lheave tended to build larger
end lerger units. fzis consolicdetion generelly results in
a better procduct for tlic counsumer. This has been perticu-
larly noticeable vitli respect to the ice crezn industrye.
Gradually but steccily the suzll plants have been assini-
lated by the largcer organizations. The result has been a
noteworthy increase in tie sanitary quality of the produetis
offered for sale.

Along vith tnis industrial ¢rowth tuere has been
a steady ¢rowtn ol tiose egencies cesignsl to protect the
public from insanitary prciuvcts. The nev facts counstantly
being Giscovered are broudening the field ol the public
health worker. Tiie vorkx of tune past few years has indicated
& counsiderable cmount of interest in the sanitation of
frozen milk products. A4s tiie ncw facts have been made
available, the vigilance of the public healtn sutuorities
hes increased correspondingly. Lew legcisletion is con-
stantly bein, eunccted bettcr to control tue swnitary

Quality of cairy procucts,

+

at the rrescut ti.e the facts svailable to the

g

Public healtn officer are meager and of those stundards



vhien exict, rany Leve ot uzen Touna acceptable. Tlhe
confusicn and risunlerctoncin. iien has resulted is only
a natural phase in tihe aevelopuent of suitable criteria,
The follewing vorn vas wicertaxen vith tiie cxpress
Gesire of obtaining fuwrtier inforuation upon the signifi-
cance of ihe colon-zerogenes group in ice creawmw. In con-
nection v.itii tiiis problen several yuestions present then—
selves. woes tlie rresence ol tiis group in retail ice
cream incicate incfficieut pasteurization or contamiretion
after pasteurizationt iiat is tue possibility of revrbers
of this grbup suirvivirn: tie pasteurization toumperatures
now in use? 1Is the liealth olficer Jjustified in condenning
ice erean whicii contluins nenrters of tlie colon-acrogenes

group? It is hoped that the naterial sutiitted mey ve of

sone value in answerin,. tlie above guestions.






listorical,

Since tue aiscovery b, Zgciierich in 1836 of

msciierichia coli, this orpanicn wnlG relatea species have

been a cousctant center of discussion c:.:d investipttion,.

AS soon s veoriers led sotebliched the facet tiuot

Taopnl
- v

Zechericehnii

a coli vag & ccnetant inhaebitant of the intectinal

tract, its presence in veater supplies veas regerded os an
index of fecel :oliution. Iumerous nethods for exawination
vere advourcoc vith the zregult tiet ceonfirnatory vork vwes
scarce a:il ro stancerd form of —rocedure vus zdopted.

after extencive vork onctream polluticn in 1901,
Jorden (1) concluced tiet vieever extensive mortality
oceured auicng tlie colon bacteria a similer mortality could
be assw.ed Lo lLave occurea wmon. the tryphoid vecteria.
Stvage (2) in 1902 stoted tlat elthou;n e kunowledee of the

number of Zscl.ericiuia coli preseat is essential, arvitrary

standards of ellovable nurbers are of little value. In
1900 Horton (o) studied ground vaters and councluGed that

te preseince of Techerichia coli in crillec vells is

¢generally sufficient evidence to coundenn tiat source.
Stoughiton (4) in 1¢0J guestioned the 1alue of the presurLp-
tive test and ypresented data to shoiw tie unrelisbility of
thiis retiiod of procedure. In the sare year the Co.wittee

on “ateranalysis o ilic Jiericen Iublic ilcelth Associetion
published their report. These firciugs ard ithe revised
stancaras folloving have provided a standsrd proceaure for
the bacteriological crauination of vater sup lies. letuiled

Qualitative @ud quantitative procedure for the detern.ncticn
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of scliericiiia coli anld releted

m

pecies is en inortoant
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feature of tiis report. %..e suii of tie verk dons on

Oscherictida ccli isveter guypplics tends to siov i TFlixct

thet thiis orgcnien, Lultiplics very 1little, iT ot 11, in

naturael veater supplice; next, thot o quentitetive

deteruination ¢f rootlers of tllis grown is ol wore iiportance

4

t.en the owalitative test net tie cource of tle

we
(o]
N
-
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rewbers of tiis . rouwn is of preaet iwoorterce in ceveralnuice
thie potebilit,” of & wuspieted voaver supplye

AS 00 &S Tiiu colon vect Tor vater supplies Lad
beccr.e Tirwly eotublicica, lnvestigotors turncuw their at-
tention to wilkx. (e of tis earlier papers in this fielad
ves publisied in 1908 by 3ergey anae wveehen (o). Tie autiors
isolated {ifty strains of tihe colon-aerogclies (roup Irou
nilk. %he early iori ol tilds neture vas corcerred priuarily
witli tie isolation wuw icentificwtion of rewbers of this
£ToUp o

1ot until the pasteurizetion of Lili. becai.e & cowiL.on
practise dia bacteriol-gists atterut to fina « reliable
rethhod for weterwnining tie efficiency of the peasteurization
process. lLuw.erous studles vere nawe upon tire fiora of
pasteurized nilk. Iu 1¢lo Shippen (o) isolated tuirty-one
strains of the colon-aerogenes group frou pasteurizea milk.
e founa tiat eleven of these strains possessed & therveal
teath point above ©0° C. for fifteen minutes. Three of the
strains survivea 6z° C. for tuirty w:inutes wac three otuers
63° €. for tairty winutes. Tne autiior corncluwea, "tiat tae
thernal deati point of & given suecies verjies iwiul the dif-

ferent straius of thet species. Certain strains of






Escherichia coli cre not willea by tic tonperatiures conmonly

used in pastouwrizaticn. The prese.ce of Lecliericilia colli in

pasteurizced iiln cannot te talien s e inceir of 11 proper
pasteurization or subse pent contarination.” n the sune

year Ayers ail Johwncon (7) coufiriew Ly zn exsteusive study
the variation cf *thic *icer..ll ceatir voint of ienburs of tliis
ErouPe T 0 ILLliCa wol sehentr=Tfour cuoltures vere isoloileq,
tiie rajority beli:ir ob'uined from cow feces. Thelr nethod
vas to inoculite tules of cterile lituuwe nilk =it four
Grops of e bretu culiure of tuc struin to be studied., Tl
tubes vere the. lealed in a consteut tenverature vater Lath
at various teunperctures fo - thirty rimutes.s Tihie tubes vere
cooled irueciately aid incubuted &t 79 C.  The results
obtaiged indicated tuat nan; straing have a thernal dGeath
point elcse to €L.09 Co (142° F.). “hoy concluded tuct tiis

fact ccuplicates tic colon tect, if uced &as & test for ef-

ficiency of pesteurization,and furtler, that Zecuericiia coli

-

has a low rejorit, tiernel ceath point aund tle survivel of
sore strains is Gue to a fevw resistant cells. Tune fiuding

of large nuuvers of “sc.erichic coli irumediately after

pasteurization i it Ye interpreted as bein: cue to inef-
ficicnt hLeatin: or a Leevy recontauiicction. Jsuctier peper

by tie sene authors (&) publisied in 1¢24 shoved that a

’

pasteurization teuperuwture st be based uron tue absolute
therial deati peiut as detem.ined in the laboraterye. Trey

concluded thut lurgc scele efficiency tests were nct only

)

unnecessary, but vore apt to be rislecding. Jenkiuns (¢) in

926 studied thie Tl ra of pasteurized nilk wud deterniucd the
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color or:anisi. conte.t Ly rgwne of Tile suli lice
vater, The cutlor etated et an effectively pecteurizeld milx

siiould not contain leo

Q

ove ferientions baerilli in one cuvice

e -~ - - -

centimeter and thot the Tsererichiia ccll is & valuwesvuvie luawex

of tue efficicuc, ol tie pustcouriziua process,
Cixteen n.iliz plu..ts vere studied by Svenartou (10)
4+ = 4

in 1947, in «n elffcrt to correlate plut perforieaice with

tiie Zselericnia ceoll conte:ltse Ll wsel 1L lerh. ich.criciia

coli to i:.uicate «ll icioers of tiue rowy of non-spore Ioru-

ing aerobic baucilli - lidci: Terient lectoee it thie procuction

Fal

a "
0z

feSe Tt WOlL \Lei su.airized &s follovs: "Lhe coli contend
pesteurized ..ili iveas fovna Vo very coasiuerabdlye. Coutrol
cicrts froi nilk ploeants viose nilk woeg iyl 1o coll content
shoved iwproper reatlia cr irregulerity of urcceuure. Lue

cuarts indicatlew a Geflinite corrvelation betviecu coli ccoutent

end plont proceuwwre. =~ test for Zocherchiis. colli can be used

- " Y . . . ; o . a o3
to cuecl. wp 0 pim..t erfonuiiCCe’’ A stoninzd vas ropocced
& pS i X

<

~ P VY e vl
10 U..C L& liwl. OOl Cill COLYl CL ottt ieuwilulw 1.l dixe

N

A poper by 1wl o (11) ia 1Ca7 poi:itedld out the ciffer-
ence betweern Ve coliu cowllt lu veters cow in wilie T
eutiior stoted “hat the i mificauce of Uiz ellon 0 tuiSu
vien founmw o 141X 1o in ne Vel &8 griwt b e Jouit in

v ot [ PR ] L5, PR T N A T 41 A T AT Ly 0w a T i
vaters Thipc faceb iz eitriluted to the cundititis pocewliwa
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to the ¢utliorin: of il ~lich cuizot be entirely eliniiated.
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tliese eontein =occicl reference 1o the colon-f.crCc eues [ TOUD

L v o e U DN s - V- s e Ve ot gad
0f organis.s. Suclhau 1o 1910 wie = completle buelerio-
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logdeal v, o7 JL0t0 cooil lce cerewn plents in Ui luiGe
out of gixf -gin cultires igoliled tinw iicatificae ferty-
gever Luloied L0 Yo colonerwrld o i.es 00U e Liolttion vis
gccouarlisLed Ly thiu ves of Dile ealt lactooe c_ur. Tie

actior rrezentia o4 bec
viaich liiited renters ¢f 1.0 coleu=werose.es groul 1o Lol

cce Of ice cCree, &3 1 cuowred bt

cas in bils colt [ lucose urothis Qe 07 tie 0Lt coollete
papers on tiuls cuhjeet win recently jutlichzd by Lelnzirl

and urris (lo). Loree neticods for CGeterndining the sauitury

. - - -

guality of ice creoas vere studicd wit coirwred., ZLese vere

[0}

thie totaol count, tihc col n-acroge.es count wuw the cncrctic
spore tegst. TlLc nelilcw usel Tfor deternduning vhe colon=
8Erogcncs count Wiy es Jollovs: Qhe swuople Lo be testod vus
Gilaved 1 to 1o, 1 to 100, w:e 1 to 1,000,000, Luctose
bouillon euniiclo.cut tubes vere incculetew vith C.l ceo. por-

Pl

tion of eacir Gilution c.d w1l tubes sio.in s were then 10

per ce.t gas vere plated 0un ZnG0's wourlre Trcic these plates
trypical colonies were Tichcea ena ideunti
(3
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wtandard fetices for water Anulysis es furnizncG b, toe
anericuan Iublic celtn associction. Tie auilors ccuceluwed
that the colon-acrogcenes cousnt is of value ia ceutrolling
tiie efficlency ol pasteurization aund that it elso indicites

lusanitery conditions. The fact tuat it deoes not dwistimguish

between initial certaninction and subsegeent tultiplicetion
vas cited as a.diztinet dicacavautege,
Tials briel suwtaery indicites the need of furtier

centributions to this field of researci. T.¢ createst nced
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seei.s to be for a gloaderd cetlcd of interpreticg, tae

-

significance cf newvers of tiiis group wviw: fcunuw in ice

;4

creati, ..0vever, 1t ilg evident tiat tids provlew epilied to

ice crean prece:ts cifficulvies not precent viien sppliew to

g

(&

milke. Tie wnugserons aifferences lLetiveen tiuese two dediry

prodaucts CGe. ands nore lavestigoation before welinitve con-
clusions nay be reacheq. Very little voran has Leen Goxne
to indicatle tlocre Tuctors vidieh oy or nuy nct alffect tue

viability of nenlers ol tlhis grown.  Tils phéce alone giaw ld

i

be ol suflficicvut velue to attract Lrtler investigation,.



Ireceedure Ll Lesults

at tie cuiset of tie follo i stuly 1t vas uccescary

to adopt an accepteble retliod of pasteurization. Cuing to tie

t vas nccecenry to cliocce sone

(=)

large nunier of cultures uscd
petiod viidiel, vould reguire snall enovnts of the rateriad to
be heated. aAltheougcl the swthor realized that the test tube
rnethiod of peacteurization is iu i1l repute, itihe dGecided ad-
vantages pessesseu by tlls netiiod vere regpousible for its
adoption FTor tiis particular situwdye. 1n an eflfort to Jjuslily
this retiod of procedure, sxitenvive prelimivary worx vasg cou-
ducted iu order to conpzre tie rate of heat transler in .lole
Lilk and in ice creaiuw mix. The results vere gratviflying in-
asicuclhl s tliey indicated very little cifference in tune rate
of heat trarsfer between thecse two nedia.

It vas Gecided to ccufiiue tihe follovi. vorx as ruch

&s possible to a laboratvory problew since facilitics for

<
'_J-
I

field vora vere wnot availuble. Tie wourk is conveulently
vided into three parts as follcws: the ceteriination of
strains of the colon-zerozeunes .roup suoviin, resistance to
the pasteurizing temperatures cormonly eupl:yed, the effect
of the verious ingrecients of the ice cream mix upon tne
viability of tiie nenbers of t..e colon-ceroc,e:c¢s ¢roup, and
other Tactors affecti.y thie viability of nwerbers of tuis

£T0Up.

Deternination of resistant strains.

4

The cultures used stirov:sucoutl tiis study vere inten-

)

tionally secured Tro:m verious fources. Tlie rejority ol the



strains were obtaliied Trew our lobowvitory stoci cultures iliich
hzd bren isolited frow woter cup lies =l froun the digestive

o

treet of crhicleuns.s A list ¢f the culiures is given iua Tudle 1
together vitih tielr source vuncun nossille.

as it vos desirablic to use & liguid culture for inocu-
lation jurposes, the gyutietic nedium ceveloped by Lolloff
(1&) wes céopteds Sy tie use of a synthetic nedium veriatiowns
in growtly due to clanges in coustitution of & naturel Lediuw

are lcr¢gely elininzted.

Tolloff's redivn contai.s tiie following:

Lectose O gLS.
soanoniurn, tertrate O .18,
sraonivin pliospliate C.C2

cistilled vater 1000 cce.
Tive cubic ce:rntiieter portions of tle atove e ciuw vere Gis-
tributed into tect tubes end sterilizea irn the cutoclav at
fifteen pounds pressure for trveuty; wnimtes,.

Tlie teternination of livia: cells in cloudy uediun
preseits nurierous Gifficultiese. as Girect plating proved
unsetisfactory for viils purpose, it wes necessiry to resort
to core otlisr rethods. Tie use of lactose brotun Ternentation
tubes gave tiie desired results @«.d so vere &dovted for this
vorli, OStoudard extract brotl vas aedjusted so thut the pli
ranged from 6.9 to 7.0. Cne per cent lactose zid one per
cent Ancrude's indicator vere added. TFive cubic centiuecters
of tie nmeaiws ves Cistributed into Luricin ferrentation tubes
anG autoclaoved at fifteen pounds pressure for tventy ninutes,

The procuction of zcid anc geg in this nediun vien inoculated



~

vith Cel cce of 1 .. inocului. i incubeted et S79 C. for 48

hours vas assuneld to ve indiective of the survivel of

coli.

Tihe Jirst portion of tle tori was coucerrned witu tie
ice crea.: mizx. Tliis 1 catericl ez oblaiucd dircetl, frowm the
holdliny tain of tie Colle e Tulry. The :1x 1s pesteurized &t
a tennerature of 1£5° Fo (02.2° C.) for thirty winutes. The
material voas first disvributeld in exzetly 10 ce. ciiounts in

Iyrex test tubes cnd thel hieated foir Tilteen pmimutes in flov-

ing steam on two gucccesive deyse .6 neGliuin tuus prepuled

(&

terilit, Ly seecdii, &« lactose brotih fericita-
tion tube witli U.1 cc.

Tle cullures to Lo octudlied verce Jrova iu Zolleif's
LeGiuw for tucuty=Tour Liours at o709 Co T sterile ice crewcu
rpix vas iunoculated vitiy 0.1 ceo of tiiis liquid culture., Tiais
amount co..taiued fro.. 10,000 to 00,000 bacteria as weterulred

b, exporivental plating at tie outset of tie stuwy. Ceare wvus

<

)

-talen thorow tly to soitate thie seeaed tubes to lucure even
Gistribution of tlie inoculullse xwll tubes vere tlien lucubated
for two howrs at &79 C. At the end of this tiie luctose uroth
fer.eotation tubes inoculuted with cne loop=-Tfull (4ie) of tlie

nateriel aluays snowved acid anG gas production alfter being in-
cubated at <79 Co for twenty-four Lo.:Se

A1l neatig opcretions vere c.rried ouwt ia & Le ki.ot-
ilnsky tync eleetrically heated and coutrolled vater bathe.
Thie espparatus periaitted the accurate regulction of tie bath
temperature to vithin 0.1° C. After zdju.ting tie both to tue

aesired tenperature, tiec tubes rere irwmersed to vwitiin one-
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nalf iach ol thelr togs. =« tu.e of ice cream nix ccutalnling

1

a therioneter wis placed cn tie opposite side of “l.g tunn

frowm tie batis tiernoweters Tiz &0 minute period of Leating

was not recarded until the teumperetire of tihe natericl in the

tubes had reachied tiue tompesrature of tae wveater bati,
Lin.ediately cfter tlie cowpletioan of tiie newtis: period

thie tubes were coolod by imuersion 1 cold water. Lacto

I8}

;S

4

brot.l ferucntation tubes vere ceeacd vitli 0.1 cce. 0F tne uect-
ed .ix wud iuacubmted at 79 Co  .esults vers recorced after
tuwentyv-Tour iours wnd fort.o-ei, it hhour iacubation periodse.
[ L3 “ LJ
It vas sooa fou:l tuat tiie cultures chioved extreire

veriationz in tioir vizbility as affected by tiae neating pro-
cess, Lupeateda lrials usin; thie su.e culiture guve dilfferent
results., Tiese veriztions are pousidly cue to suclh Tactors

as, sli.i.t crange in ccmposition e pil of tic nix, varictious
in tie nuubers of bacteria sceded, and tue persoxnal error of

a nuuber of trials the relative viability

techinic. Iicuvever, D,
of & particualur culture couwire be esgtabdliched. I interpreting

t is cssued tiiat any fer.entation tube

’_h

tiie folloviwn : cGata
snovin, at least O per ce.at gus productioun and sulficlient ccic
to chanpe Ui colir of andrade's indicator, is ladicative of
the survival of tuat strain at tiie temperaturs heated.

Tie Tfirst tewperciure selceeded was 140° Fo (00 C.).
The aifferecuce 1. the €flect on tie viability of tlic coleon-
2Ero¢ CiesS ¢I'oup Viiead ncatul in ice crean nix 2.d ia skin wilk
ves very naried. ot thioc teuzercture it will oe noticed frow
Table 2 that of tlc cultures nceted in the ice crewi uix £3

strains or oi per ce:it survived. The saue cultures hsated in



1o

skii. wilk sl.ov & gurvivel of 18 zirains or 40 per ceunt. The
heatine vas then repeatel at o temperctire of 1139 F. (62.39)
T.ie lucrecced tenperature resulteld in & merica Gecrease in
the vicbility of tle cultures as it is shown in “uble &o In
thic casze, o7 thL: cultures heated in ice crea.. nizx only 10
gtreins or Z2 per cecut survived. Tie sane cultures heated
in skiin millt under icdeutical conditions vere all ceztroyed.
By usire & Li;her tellcrature of 1u(00 F (05409 C,) the re-
sults glven in Teble 4 vere obtaimsa. Tlu cultures were
heatcd i ice crean i ix cud only four, or lesg tluon 1 per
cent, survived ot this teraeracture.

4

e tenjerature wis ageia raised, this tine to 1359 T,

(6849 C)o  Thu Cuta given in Tabic & ¢how no cul’uizes proluc-

4

il ecid and gwme i lectose brothe A tererciure hi ner tlian

2

1560 7. (3€.L0 C.) ves ilivogsible dve to tue faet thot ice
creai: iz vog altored i its piycicil state.

The above data shov that ice crecm wix Las a greater
protective effect thian Zlho-un by elidn nmilk, or, peruaps, an
atded effeetse Tiie vesticn naturally erices cs to vhiat fuetor
or fuctors cuuse tils prciective action. In an atleupt to
learn nore ol tuis protecetive action, eacl of tie conctitucuts

of tlie ice crea. iz vere stulicd cepurately to Geteriine thneir

ffect of the Ingredients of tue Ice Cieea.. .dix Upon the Via-
bility of Ieubers of ti.c Colon-zero:.eres Group.
After heving dewcrnctrated tiiot tle ice crean nix,es a

vnole, exerts a certein protective influence upon ienbvers of
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cttenticn vas tuwrasd to

L

stances viicih ;0 to r.ale up th: ice coecir ixe  Ia ceueral,
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1g Lrouwath col of @ cource o7 fat cueh g creuwn, &
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source o solid:
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il sovder, and varicis oweetenin, o stebilicin: & oents
of vitlulr gucrows oG o, elotlin cre the niost couronl, uweede 1In
vorlin. v ith these voricul in rellviats an atte., L vas Lede

to stud; tizse Laterialo in Ui saa.c concontrovicon in viidich

gecer i the iecc crew.i Liize .. t..¢c forualce
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CEoTIVEe litwwuls, 8 1 Tl i Ltciiie e iias cultuses weed

hed previcuzly cuvvived o teiperctuce of 1.9 T, (WU© C.) vien
heated i ciii 1ilx, The reculis cre Jlven 1o Tele 7 wul
shot liet lien Uliu cultuies were hewtou in il Lili poudcer
et o tenperciure of 1200 T, (LC© C,) for thivty wiaatse, Tour

4

or &% per cenit of tie strainz survivea. 11 is interecting to

v

nete thiet tlo ctreiis viovivias vie leatled i U nilk povaer
ere the coie ones vihilchi survived wacn neatsd in oeiin il
cGoubier icenticil cencditicns ex-
cept tiet & teuseratire of 1i00 To (Cke80 Co) vis useds a1l
of tie culturezs vere Cestreoyed ot tlis tenverature.
Ia orwer Lo stud prezent Ll icc creaan
Lix, vaver golubions of 10 por cent, la cer coutl, &iG 14 per
cent viere tubed ia 10 ce. ul.cuwts. Tie pneaterial was sterilize
by eutocleving for fifteen ninutes «t & precsure of ten pounds
In Teble € cre given the results obtaiued Dby Licating verious
cultures of tl.¢ colceu-Gero cres roup in sucrose colutions at
& teuperature of 1400 7, (0C0C C,) for thirty niuutes. Three
or oo per cent of the cultures survived tiis tewperature. 7The

1

temperuture vas tlien reised to 1209 T (62489 C.)e all of the

culiures veore cestreiele

G



Tor Ceverninin, the elfect of ¢elatin, a O.0 per cent
solution wvas adopted inccrueh as tiuils coucentravion is juive
genereliy used.s Tle solutlon vaes Jictelilutia in 10 cce.
apornts aina eutoclaveld for fifteca rinutes &t a rrecsure of
ten pournds. T ovas fowe tuat viien nlne cultures of the
colcon-gero.ceice crowp vere neted in the gelatin solution et
a tempvercture of 1400 T, (0O C.) unot & single culture sur-
vived. The d=ta tihus obtalied vould thus terd to iundiceate
that gelatin at Ulils coucenliation ies very little or no
protsctive effect,

The Zffect of age on Viability of lewbers ol t.ie Colou-
acrogenres Groule

In orcer to leern souetiin, of tic effect ol the o e
of culture used upoim tie viability of the organisu tie follow=-
ing eiperi.cnt vas countuetea: Ia oraer to adopt a terngerature
at viieh the orgenisis vould nornally survive vien heated in
ice creaw i.ix, 1t was necessary to deterniie tlie critical
tenperature of tie strains selectec. Tle ei, Lt cultures used
siiov.ed & grecicr tendency to resist rnorceal pasteurizing
teuperatures than tie others., Tudbes containinug sterile ice
cream mix vere inoculeted with 0.1 ce. of ti.e a4 hceur culture
of thest strains. after 2 howrs incubation at O7° C. the tubes
were heated at 1420, 1440, 1400, 1480, and 1470 T, for a period
of thirty ninutes. Tiie Cata preseanted in Tuble 9 are the re-
sults of lactose Vrotiu fercentetion of tie Lected wine It vill
be noted thet the najority ther.el CGeath point of thuc cultures

wnen hestcd in ice erecrn wix is 1480 T, (200 C.)e
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Tioocg ocet: of tubee of Lterile ice coedr rlnow
prepurcGs 202100 silawitci s inmoculoted vita llic cbove
cultures . G incuvited et 979 C, After @ £ix lowr ircuba-

tion period tue Tirsl cetv ¢f ice crecoa Lii tubes vas iuocu-

leted vitit Gel cce 0F thiz 1ijuic culivres after tuo Lhowrs &t

z of iz vere Leatow at teupera

+

tare

D

<79 C. tiie isoculated tub

of 1420 . (01.4© C.) Tor thiriy cinutes. Clie cccond set of

o

W

tuves was ilncculoted vien th: culiuvures vere tivelve hours old
end tae third set a«lter tuvoenty-fo.r Liowrs incubatica at 709 C.
The heatin, te.rsorature of 1400 F. vies selected Tro the dute
¢given in Table 9. It is gulite evicent as iuwicatea in Tuule

10 thzt tie :tie of the culture hud & decided effect upon tiie

viebility ol T orgenisa.
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ClussiTication el Source of Cultures

Iio. BV SO CsS ] 0. Lo SCURCa
£ A. airo <ncs Teter 515} Z. ccli Avien
3 ? Tater l oo Le coli avian
7 . coli Later %157 2. coli avien

14 A. cerogeies wueter 58 Z. coli aviea
18 Z. coli T.ater U9 L. coli Avian
19 Z. coli vater | 60 2. coli ivien
“ Ae LELOCLES U of I ladbfi 10 Z. coli eter
o0 L. coli T ol C l;bﬂ 10 Z. coli Leter
ol A. eero, cies T cf C l‘bﬁ 100 Z. coli Leater
o K4 weter 104 Z. coli 3oviie
oo ? ater 105 I. coli 30viu
o7 ? weter 107 2. coli Avien
@ T. coli Teter 13 IZ. coli Houwice
¢9 D. coli Tater 1 109 L. ccli Qiver
40 . coli Lator | 110 I, coli Jonley
45 1A, coli Tater 112 2. coli funen
46 Al Lerogeaus T ater " 110 Z.coli Tlwinsa
47 I. coll "ater g 114 =, coli Suis
49 . coli avicn § 116 Z. ccli 3ovine
o0 Z. coli lvien L1200 4. 8¢ 0, eues Soil
¢l . ecli Avian 121 L. cero enes Seil
oo . coli ~vien

o4 7. ecli Avien .
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The Iffect or Tishilid; of Tlcoting Ttivers of tie CTclon-
cerojenct Troupn ia Tl o in ocaln Tili oot &
Ternorature of 1200 Co) Toxr T.oirty linutcs.
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The ZiTect cn Colion-cero cucos Culiures en ewlcd ia Ice

Crecii ix ot o Tunowerctave of 1089 7o (05.0% Co) for Thirty
sinutes,
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The Zffect on thic Ticbility of tic Colon=«el0 GLET I'Cu)

e Jieated ia Variol s rercentnses of Tal @b & Telerwiure

of 1409 7. (00° £.) for Tuirt, irutcs.
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The = Tect of leetii,

se.kers ¢
in Ice Colon. Jin &abv Vuricus T

C - € Cyaen
Cclcou-eero, ¢ius Drouw

) 1200w, 1:4° T, +5° =, 1460 T 147° F,
L.0e =acild Cus scia Cus  sclu  Gas  wcid Cas  acia Gus
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TA3L2 10.

Tiie Lffect of thuc L e o e Culture Wlen lwbers of th
Colon-cerogenes troup a«re lleeted in Ice Crean I1ix &t a
Ten. rature of 1140 Gl.09 C.) for Thirty l.imutes.
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Disgcuwsion

Tiie Cnta subuditted hus providew £o..e interesting Tucts

&+

- 4

whicli chould »rove uceful in interyretin,s the si,nificunce of
rerbers of tlic coleon-azerogsnes ¢roup in ice credle TS COLi=

-

parison ol the effecet on viebility produeed by siiu 1ilil end

by ice crezu indicnted definitel; thet tlhe latter exhibited a

grecter vrotcetive zction,

o

ne tectin~ of the ingredients ceoatritvuted very little
to & solution of ti.e problem @s a wioles CI all tihe cubstonces
tested Tet vac the one from vlhiicli a greater protective cction
vas enpecteds Tile hectiiy of the cultures in fat sucypeusious

giloveld ¢reat variacvility

s, novever, the organlsis vere readily

killed vien Lected ot a tenperntiure of 1459 2. (C2.8° €.) for
tliirty minutes, e data chows no iufluence of concentraticn
of fet upon viebilitye.

Zeation, culiure i skin il povder chiorcd no correla-
tion betweea ccenceatration end vicbility. The culiures sur-
vivine & teu,erctire of 1400 Fo (0CO C.) wvhien heeted in siim
nilk povder vere tlic sli.e cultures survivii  that teuperociure
wiien heated in sliin milk. also three of tliese cultw ¢s sur-
vived iz ice crewd. Liix &t the sae tenreracture.

Cultures heatel in sucrose solutions showed variation
in viability, but cpoein no correlation vas otserved betveen
tnis effect and coacentrotion o tle solution used.

Geletiu veas tie onc insrecdiernt tested viich e.iibited
thie least protective effect ct tic councentration ucea (0.5}).

-

Ti:ie lovest teurpercture adoptel, 140° T., vus suffieisnt to 31ill



all cultaaes hieoted.

ine in, redients 1:adi-

[

Vo
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Y . R T Y o S 4+
atter 1t od voel Touwile thnt

-~

vidually exnldited no wmiricd elffect on vinbility, tic ncit

-

step vould nave becn to tect vorious conbinitions of in-

gredients in ¢ effort to find tihsz lTietor or Tuctoes
respo:nsivle Tor thue wirotective actiol coboerved.s lulolrtuunste-

er..it cousideration of tils phase

3
I3
-

ly, leex of tilc «ld not

o

0f tiic pitoblells

The icriea effect esdiibited vy ege of culilure v.as
fowiw to ve in cccord 1itiu vrevic.s vori of tuls unature. Ciwus
Robertson (1) fownd thet young cells were Loie susceptible
tian oluer cells to tiic «etion of Li.hh tergperc.ures. lle con=-
cluded that the nost effici.et pasteurization vould bte obtain-

ed if tlie heet vas epplied belore tue bucteria nad pzssed the

-

1]

accelerative vta, e of rovitiie

Toe veriaticns e..C erparent inccusictencics were not
entirely uwuwerpected since oliier veriers neve found similur
Johwsson (7) studied 174 cultures of

varicticus. Llers uwik

_serericiia coli anc founc tic Tfoll wvins veristiowns: At a

tempercture of 1450 7, (6£.8° C.) 12 cultures survived tne
Jirst treiale. 0Qu retesti:. ticy found four cultlures surviving
tne secoud iricl, ei;nt surviving tie third trizl, sixz czur-
vivin- theg fourth triel, nine surviviog the fifth trial, end
0 cultures survivin, the sixta ‘ricl. Tie litiue 1ilk tube
uetiiod vas enployeds Trhe eculliors concluded tiuat a ter.era-
ture of 1500 T. (65.99 Co) FTor thirty nminules should destroy
s

merbers ol e cclonetero,eres groug. Viien heated in oilk.  IT

it is co.mon Tor nilx to <liow L ed variaticons it vo.old rot



Ve

be surusoisi.. Lon Yo dles eorciar inls chowld eniLit evern

e ousszstion of ¢l undlonblably is elosely linticd rith

1
\
“ -~

vicUility. dccerdli:i *to Cohien (Ld) rortelity is alffected by
Snll clien es in oll. Thilc foctor wwould be ircocoivio te con-
trol crecept wider luberailor) conaitirnes o8 1o vinen sztered
i thie lLlollil i.. slov 1, wicdergocees w Quelrtage in plil. Tilas
fresi 1l e Litt nes foul. to wve & pil ¢f 8.0, vicreas clter
&3 Lhouwes 1o U Lcldd il e pllohal often Lroniild Jele
Tlhe oacvor Loootiol of hlo Cijiiflcoice of thio factor would
2ocetitute o oce arete robl... 1 itceell.

Cie ¢l Ui ontstanding characterictics of ice cren

Lix 1s its vizcositye. It cie.ng reacctls to fosune thot

. s PN . . v 4 5 ,
vl 10 c,.\.‘t‘, iyt Loove core 1rnfluciice o tue protective

s . B R . so ol . L S .1 -
ection c.liibitew Ty Yle ine  mtersive vorio by Joslyn (17)

o viru g shoveld vho relitionziiiy betwecir viscosity .l heat

- -~

peietration., I fow.e thit co lnerecse 1o viccosity result-

~

¢.cld rcCuces the ret .rcation

C

et pone-

. o e s e A .
tration. Tuie facter viiicl: hing 1ittle egi,niflicurce under

Lo ol 1. ortence 1n 1lic coilier-

The resulls odbtaincld vitl tle l..Qi-icdual i recients

ere not entively ia acecrG v itit tlhoce Touad by Zrovu and

o

leiser (13). Tley Ceteriined theriwl Ceatih points by ncetiing
lactic ccid bacteria in viriocus ;cdice Lo WOk wis cuw.adrized
as followe: M"tTHe tiher:cl deatii point, Geteriined in bouillon,

goi.e of thi nen-gpore bewriia. reteria (ifncludi:_ Ieclericiia

coli)isolated frowm pisteurizod iili =1l coed: is Li, her than

——— el
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curization te . crature (145° P, for &0 nin.), while
pany nove o thernel cectin poirt below tihc tewrercture of

casteurin.tion. Tiie cocel:n and Tat in nilh offer soie

protcction to bacteria thot ere subjected to Lih teuperature

Curi:n tlie ety point determ.ination.™ It is imposeible to
dpare the auia recured by Trovh w1 tiieet shiow

coupure 1 \ ec 3 eigser 1 thiet sihrown

above, gince a ncatliy period of fuenty ciuutes wus used by

-

tiie foruer &aC & perioa ol tuirty ninutes for ithe latter vorlk,

The fact tihet ice creean nix Goes possess consciderable
protecvive action Tor Lecwovers of tite colomz=-aerogenes grouy is
giguilficants Thus it is recsocable 1o assume thst tiils pro-
teclicw .1, LY Be ccecorded to ctier ;ro.pe cf baeteric, If
this essuwption is correct it is evident that & teopercture
of 1459 7. (C2.8° ¢C.) cannot elfectively pasteurizc ice cresm
it

s recent trticle by riice (1S) discussed the sig-

—_ 0

nificorince ol Zecnerici:ia coli in ice creanis The cuthior stuted

tiiat the prescuce of the colon-aerogencs ¢rcup in ice crewwn
Gocs not rneccespurily ircicate FTecal contwoindtion. Ana

4

frrtiier, "Covs a:.l other arnirdls are unot susceptible to
typshold fever . otlier eunteric Qiceases of wan; therefore,

3ucte coli of VLoviue origin ere vitho.t sigrificance as far

as traousmission ol sucii Glscases ie concerned. Tile NULErOuS
recored outbreaks of tyrphoid end paratypioid traucuitted by
zilk supplies wre coxnclosive eviccerce ol their contemination
Trou Auan s0urcesSe eeseee In co.mon it ctuer bvicteria

Leibers of tliis ;roup ere iore indlcative of the teuperature

at vuicih tiie 2ilk hes teen lest ‘lici. ol originel coatamwination.”
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colon-wcre; eres roup love n.ott of tleir eiruificence vhen
fourd iz Ciry mrcluctse.

Thee prescuce of tie colon-terogsencs groun in ice

¢ iandicetin iuaelficicnn

&)

creal coula Liodly be iuterureted
pasteurization inds.uch as recsistunt strains lLave been TounG
to be common. Tie oune otier fuctor of interest, ntuoly, that
of coutanidluclion efter pusteurizetiocn is ol vmicll shiould be
glvel due consideration. rrobavly the n.0st conwicn source of

cortuainstion of this type ig Tro.. the lLeords of operators.

T:e [0ssiVility of tils csouvice of Zeschiericiia coll ves

reco.mized vy Vicelow (L0) es ezrly es 1°03. A nore recent
erticle by Buice, Zeuested, i@ Tiemet (21) reported CI7 tests
aGe on 201 foou hendlers. They founld 07.7 oer cewnt of the
totel nuw .ber sho 1.7 lee’oge feruenting zerodes. 2y culturing
Vith [Joscr's soGiwe civrate ieGlw:, Cea per ce..t of tiiz totel
proved to ve of intecstinel origin. Closs attection to percou-
&l hrgiene woula eliviante thiz foctor cs cue of irjortince.
Thus e oveiladle et llie Jrecent filo voule tend to
indicote that too :rwell ¢i, uificance sihouwlw 100V e accerueld the
colon-aero,. eres grovs vhen Tou.G i ice crecme  The liealtl: of-
ficer sliowld recognize the liwnitatlion:s of thz tect for nenbers
of this (rouy exd not

rlace too et cencundGence upon it in

|
P

Geterrinin. tie sunitory cuclity of calry iproiucts.
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le 4 tewerct.re of 109 7o (0E.C° Co) ver foune nicecsnry

to i1l forty-tio cultires -7 Ul colon-a&ro]€:iGs ¢TCup \.iien

hected in iew crec:. iz o "iidrel, nioutess Tro. & coLuier-
s - B R , A 70,0 T c5 70 - £

cizl ctendpoist a teopcrsture o 1oCO0 T, (65.5° C.) for

nirty wninvtes vas indiceoted for tle vasteurization of ice

Crecll 1..ille

we THe sciic cuLiure vaon assted in siin rilx recuired a

ten erature o7 only 1439 T. (02.89 C.) to effect their Cectlis

Ce Thie various iuagcreCicicts elandinced, niowly, Jelating, erecu,

sxii. Lilio povier, o: 8 sucrcoze fuilcl to Jhiov pezicw protective
ection on viability. A teirgereture of 1409 7. (oGO C.) killed
all cul®ivs in geletin ~hils the other iigredicts rejuired =«

tC‘L._'Sl‘E-Yt\;I’e of 140° T ({,L.GO Co)o
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